Long-term photometric measurements in a sample of ultrashort-period (P ≈ 0.5 days or less) single and binary stars of different interior structures are analysed. A loose correlation exists between the rotational rate and cycle lengths of active stars, regardless of their evolutionary state and the corresponding physical parameters. The shortest cycles are expected on the fastest rotators in the order of 1-2 years, which is reported in this paper.
Introduction
The 11 year-long activity cycle on the Sun is known for a long time. On other stars Phillips & Hartmann (1978) were the first to find long-term brightness changes which were interpreted as starspot cycles. Using long-term photometric measurements, Oláh, Kolláth, & Strassmeier (2000) found that other stars can also have multiple activity cycles -similar to the Gleissberg and Suess cycles on the Sun -and that the length of the cycles vary in time. Wilson (1978) and Baliunas et al. (1995) studied the chromospheric activity of F-M-type stars using longterm Ca H&K data from the Mt. Wilson survey, and detected cyclic variations in the H&K flux. Different relations are known between the rotation period, the length of the activity cycle, and other stellar properties. Using the Mt. Wilson survey data, Baliunas et al. (1996) found that there is a connection between the cycle length and the rotation period, namely, that faster rotating stars have shorter activity cycles. The authors also gave an explanation for the cycle lengths of different stars using dynamo theory. Soon, Baliunas & Zhang (1993) proposed (P cyc /P rot ) 2 , the square of the ratio of the cycle length and the rotation period as a quantity to parametrize activity cycles. Brandenburg, Saar & Turpin (1998) and Saar & Brandenburg (1999) found a dependence between the cycle and rotational frequencies ω cyc /Ω and the Rossbynumber. Oláh & Strassmeier (2002) studied photometric data of active stars, and found a similar correlation between the rotation and cycle length, as Baliunas et al. (1996) .
Therefore, if we seek activity cycles, it is effective to monitor fast-rotating objects, i.e., cycles may be found after a few years of monitoring already, contrary to the case of stars with longer rotation period. We present the analysis of ⋆ Corresponding author: e-mail: vidakris@konkoly.hu four objects, all of them having a rotation/orbital period in the order of 0.5 days: EY Dra, V405 And, GSC 3377-0296, and V374 Peg.
EY Dra is a single, active dM1-2 star that was thoroughly analyzed lately by Vida et al. (2010) . The star showed slow evolution on monthly time scale, and possibly a flip-flop mechanism. The activity cycle presented here was reported also in that paper.
V405
And is a grazing eclipsing binary which was studied in detail first by Chevalier & Ilovaisky (1997) . They found an orbital period of P = 0.465 days and a small eclipse in the light curve. The spectral type of the components were also determined: M0V and M5V were found for the primary and the secondary, respectively. Both components were showed strong emission in the region of the Hα line. Vida et al. (2009) analyzed the system using BV (RI) C photometric measurements and spectroscopic data. Strong flares in the light curve and the Hα region were observed, and by modeling the system they showed that the radius of the primary was significantly larger than the theoretically predicted value, while the size of the secondary fit the mass-radius relation. This result was later confirmed by Ribeiro, Baptista, & Kafka (2011) , who used an independent spectroscopy-based method to determine the size of the components.
GSC 3377-0296 was studied to date only by Lloyd et al. (2007) , who identified the object as a heavily spotted RS CVn system with an orbital period of 0.422 days.
V374 Peg is a single, fully convective M4 dwarf with 0.28M ⊙ (Delfosse et al. 2000) . According to Donati et al. (2006) and Morin et al. (2008) , the star has very weak differential rotation, and a stable, poloidal, axisymmetric magnetic field.
In this paper new, long-term datasets of these objects are presented in the hope of finding activity cycles. 
Observations
Data of EY Dra were obtained using the 60 cm telescope of the Konkoly Observatory at Svábhegy, Budapest equipped with a Wright Instruments 750 × 1100 CCD camera. V405 And was observed both by the 60 cm telescope, and on Piszkéstető Mountain station of the Konkoly Observatory, using the 1m RCC telescope and a Princeton Instruments 1300 × 1300 CCD. The other targets were monitored only by the 1m RCC telescope. The observations presented in this paper were obtained using Johnson V filter. The datasets cover time ranges of 3-5 years (the exact values are shown in Table 1 ). Data reduction was done using standard IRAF 1 procedures. Differential aperture photometry was done using the DAOPHOT package. 
Analysis & discussion
The Fourier-analysis of the observed light curves was done using the MUFRAN software (Kolláth 1990 ). The Fourierspectra of the data with the spectral windows of EY Dra, V405 And, and GSC 3377-0926 are plotted in Fig. 1 . Before From top to bottom: V light curve, Fourierspectrum and spectral window of V374 Peg. Note, that the top plot is truncated, the eruptions caused by strong flares cannot be seen. determining the length of the starspot cycle the light curves were first pre-whitened with the rotational modulation. The main feature on all Fourier-spectra is the rotational modulation and a signal at the double frequency (and their aliases), as all targets have typically two dominant active regions on their surface (see Fig. 2 with the phased light curves). The Fourier-spectrum of V374 Peg does not indicate any cyclic long-term variations (see Fig. 3 ). The other three objects, EY Dra, V405 And, and GSC 3377-0296 all show a starspot cycle in the order of 300-500 days. The analysis of EY Dra by Vida et al. (2010) showed, that this object probably possesses an activity cycle, but the cycles of V405 And and GSC 3377-0296 were not known before. The actual cycle lengths with the basic stellar parameters are summarized in Table 1 . The statistical significances of the detected cycles were estimated from the standard deviation of the Fourier-spectra after being pre-whitened by the rotational signal.
According to the stellar masses of cycling stars, both EY Dra and the primary of V405 And are over the limit of full convection (about 0.3M ⊙ , see e.g. Mullan & MacDonald 2001) . Thus, they have probably an interior structure similar to the Sun, and a dynamo capable of hosting an activity cycle.
The changes in the light curve of V405 And above the proximity effects is dominated by spottedness of the primary component, and not by the changes on the secondary. Concerning the Hα spectra, the secondary component is active, too, but because of the intensity difference between the two components these changes are too small to observe. This means, that the activity cycle is most possibly associated with the primary component.
Currently, without any binary models, we do not know much about the structure of the GSC 3377-0296 components. However, the fact that we detected a stellar activity cycle indicates that at least one of the components should have solar-like dynamo, thus a radiative core and a conwww.an-journal.org vective envelope, as according to Rüdiger et al. (2003) , the cyclic behavior is an "exotic exception" for the solution of α 2 dynamos, and they conclude, that cyclic stellar activity can always be the indicator of strong internal differential rotation. Küker & Rüdiger (2005) and Chabrier & Küker (2006) showed, that fully convective stars are capable to host largescale, non-axisymmetric magnetic field with α 2 dynamo, if they have weak differential rotation. On the other hand, the model of Dobler, Stix, & Brandenburg (2006) suggests, that these stars can have axisymmetric magnetic field, supposing they have strong differential rotation. V374 Peg seems to have an axisymmetric magnetic field, and it is rotating almost as a rigid body (see Donati et al. 2006; Morin et al. 2008) , posing an interesting question to theoreticians. The fact, that we did not find any sign of an activity cycle, is consistent with the properties of an α 2 dynamo (see Rüdiger et al. 2003) . MHD simulations of Browning (2008) showed, that fully convective stars can have strong magnetic fields as a result of convective flows acting as magnetic dynamo. Their models indicate no differential rotation, consistent with the observations of V374 Peg. Gastine et al. (2012) suggested an interesting resolution for the problem of different magnetic field topologies. They showed, that under a critical value of the Rossby-number (Ro ≈ 0.1) a bistable region exists, where both dipolar and multipolar fields can be generated, depending on the initial magnetic seed. These two branches would also manifest in the scale of the differential rotation: stars with axisymmetric fields should have weak differential rotation, as seen on V374 Peg.
The detected starspot cycles can be plotted with the data from Oláh & Strassmeier (2002) (see Fig. 4 ). The length of the activity cycles for our targets seem to be somewhat shorter than the previous findings, but fit quite well to the relation. With our new data, we get log(P cyc /P rot ) = 0.73 log(1/P rot ) + 2.89 for the correlation between the rotation period and the shortest activity cycle length for the sample of both single and binary stars from different surveys.
Such short cycles -in the time scale of one year -are not unprecedented, although they not frequently detected, probably because of the long-term observations needed densely covering as much as possible in each observing season. E.g. Metcalfe et al. (2010) detected an activity cycle of 1.6 years on the F8V-type ι Horologii, which is already in the order of magnitude as those seen at our targets. The cycles found on the stars presented in this paper, with lengths in the order of one year, are the shortest ones known up to now.
Summary
-We present long-term photometric measurements of four stars in V passband of EY Dra, V405 And, GSC 3377-0296, and V374 Peg.
-The Fourier-spectrum shows sign of long-term periodic changes in the case of EY Dra, V405 And, and GSC 3377-0296 with cycle length of about 300-500 days, the shortest cycles known to date. -The Fourier-spectrum of V374 Peg does not show any long-term cyclic behavior, which is consistent with the properties of an α 2 dynamo.
